(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 052 712 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) int ci.^r H01M 4/02, H01M 4/38, 


15.11.2000 Bulletin 2000/46 


HOI M 4/58, H01M 10/40 


(21) Application number: 99973175.5 


,(86) International application number: 


/PP^ n»tP nf filinn* 11 1QQQ 


PCT/JP99/06687 




(87) International publication number 




WO 00/33401 (08.06.2000 Gazette 2000/23) 


(84) Designated Contracting States: 


(72) Inventors: 


AT BE OH CY DE DK ES Fl FR GB GR IE IT LI LU 


• KASAMATSU, Shinji 


MC NL PT SE 


Katano-shi, Osaka 576-0034 (JP) 


(30) Priority: 02.12.1998 J P 34290598 


• YOSHIZAWA, Hiroshi 


Hirakata-shi, Osaka 573-0151 (JP) 


02.12.1998 JP 34290698 


• OKAMURA, Kazuhiro 


02.12.1998 JP 34289798 


Hirakata-shi, Osaka 573-001 3 (JP) 


02.12.1998 JP 342898 


• KOSHINA, Hizuru 


02.12.1998 JP 34290198 


Neyagawa-shi, Osaka 572-0019 (JP) 


02.12.1998 JP 34290298 


« SHIMAMURA, Harunari 


02.1 2-1 998 J P 34289598 


Hirakata-shi, Osaka 573-1 103 (JP) 


02.12.1998 JP 34289698 


• NITTA, Yoshiaki 


02.1 2.1 998 JP 34289998 


Hirakata Shi, Osaka 573-1122 (JP) 


02.12.1998 JP 34290098 


02.12.1998 J P 34288198 


(74) Representative: 


02.1 2.1998 JP 34288298 


Grunecker, Kinkeldey, 


02.12.1998 JP 34288398 


Stockmair & Schwanhausser 


02.12.1998 JP 34288498 


Anwaltssozietat 




Maximilianstrasse 58 


(71) Applicant: 


80538 Munchen (DE) 


MATSUSHITA ELECTRIC INDUSTRIAL CO.. LTD. 


Kadoma-shi, Osaka 571-8501 (JP) 





< 

CM 

^^ 

CM 



LU 



(54) NON-AQUEOUS ELECTROLYTE SECONDARY CELL 



(57) The present invention relates to non-aqueous 
electrolyte secondary batteries comprising an positive 
electrode and a negative electrode capable of interca- 
lating and de-intercalating lithium, a non-aqueous elec- 
trolyte and separators or solid electrolytes. The negative 
electrode contains, as a main component , composite 
particles constructed in such a manner that at least part 
of the surface of nuclear particles comprising at least 
one of tin, silicon and zinc as a constituent element, is 
coated with a solid solution or an inter-metallic com- 
pound composed of the element included in the nuclear 
particles and another predetermined element which is 
not an element included in the nuclear particles. To 
improve the ability of the battery, the composite parti- 
cles mentioned above can include at least one trace ele- 
ment selected from iron, lead and bismuth. The porosity 
of a mixture layer at the negative electrode is 10% or 
more and 50% or less. The amount of the non-aqueous 
electrolyte, the thickness of the separators or the like is 



restricted in a specific value. The foregoing construction 
suppresses occurrence of an internal short circuit 
between the positive electrode and the negative elec- 
trode caused by expansion of the negative electrode 
materials , thereby achieving a high capacity battery 
with a superior charge/discharge cycle properties, 
which is suitable for a high-speed charging. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a non-aqueous electrolyte secondary battery (hereinafter, battery), and 
especially relates to batteries of which electrochemical properties such as charge/discharge capacity and charge/dis- 
charge cycle life have been enhanced by improvement in negative electrode materials , separators and amounts of 
electrolyte. The present invention further relates to the batteries of which the electrochemical properties mentioned 
above as well as the shelf stability have been improved by designing a better balance between positive electrode and 

10 negative electrode materials, and positive electrode and negative electrode plates. 

. Background of the Invention 

[0002] In recent years, lithium secondary batteries with non-aqueous electrolytes, which are used in such areas as 
75 mobile communications devices including portable information terminals and portable electronic devices , main power 
sources of portable electronic devices, domestic portable electricity storing devices, motor cycles using an electric 
motor as a driving source, electric cars and hybrid electric cars, have characteristics of a high electromotive force and 
a high energy density. Although the energy density of the lithium secondary batteries using lithium metal as a negative 
electrode material is high , there is a possibility that dendrite deposits on the negative electrode during charging, and 
20 by repeating charging and discharging, the dendrite breaks through separators to the positive electrode side, thereby 
causing a short circuit internally. The deposited dendrite has a large specific surface area, thus its reaction activity is 
high. Therefore, it reacts with solvents in the electrolyte solution on its surface and forms a surface layer which acts like 
a solid electrolyte having no electronic conduction. This raises the internal resistance of the batteries or causes some 
particles to be excluded from the network of electronic conduction, lowering the charge/discharge efficiency of the bat- 
25 tery. Due to these reasons, the lithium secondary batteries using lithium metal as a negative electrode material have a 
low reliability and a short cycle life. 

[0003] Nowadays, lithium secondary batteries which use, as a negative electrode material, carbon materials capa- 
ble of intercalating and de-intercalating lithium ions are commercially available. In general, lithium metal does not 
deposit on carbon negative electrodes. Thus, short circuits are not occured by dendrite. However, the theoretical capac- 

30 ity of graphite which is on of the currently available carbon materials is 372 mA/g, only one tenth of that of pure Li metal. 
[0004] Other known negative electrode materials include pure metallic materials and pure non-metallic materials 
which form composites with lithium. For example, composition formulae of compounds of tin (Sn), silicon (Si) and zinc 
(Zn) with the maximum amount of lithium are Li22Sn5, 1122815, and LiZn respectively. Within the range of these compo- 
sition formulae, metallic lithium does not normally deposit. Thus, an internal short circuit is not occured by dendrite. Fur- 

35 thermore, electrochemical capacities between these compounds and each element in pure form mentioned above is 
respectively 993 mAh/g, 4199 mAh/g and 41 0 mAh/g; all are larger than the theoretical capacity of graphite. 
[0005] As other compound negative electrode materials , the Japanese Patent Laid-Open Publication No. H07- 
240201 discloses a non-metallic slliside comprising transition elements. The Japanese Patent Laid-Open Publication 
No. H09-63651 discloses negative electrode materials which are made of inter-metallic compounds comprising at least 

40 one of group 4B elements , phosphorus (P) and antimony (Sb), and have a crystal structure of one of the CaF2 type, 
the ZnS type and the AILiSi type. 

[0006] . However, the foregoing high-capacity negative electrode materials have the following problems. Negative 
electrode materials of pure metallic materials and pure non-metallic materials which form compounds with lithium have 
inferior charge/discharge cycle properties compared with carbon negative electrode materials. The reason for this is 

45 assumed to be destruction of the negative electrode materials caused by their increase and decrease in volume. 

[0007] On the other hand, unlike the foregoing materials in pure form, the Japanese Patent Laid-Open Publication 
No. H07-240201 and the Japanese Patent Laid-Open Publication No. H09-63651 disclose negative electrode materials 
which comprise non-metallic silisides composed of transition elements and inter-metallic compounds including at least 
one of group 4B elements, P and Sb , and have a crystal structure of one of the GaF2 type, the ZnS type and the AlLiSi 

50 type, as negative electrode materials with an improved cycle life property. 

[0008] Batteries using the negative electrode materials of the non-metallic silisides composed of transition ele- 
ments disclosed in the Japanese Patent Laid-Open Publication No. H07-240201 have an improved charge/discharge 
cycle property compared with lithium metal negative electrode materials, considering the capacity of the batteries 
according to an embodiment and a comparative example at the first cycle, the fiftieth cycle and the hundredth cycle. 

55 However, when compared with a natural graphite negative electrode material, the increase in the capacity of the battery 
is only about 12%. 

[0009] The materials disclosed in the Japanese Patent Laid-Open Publication No. H09-63651 have a better 
charge/discharge cycle property than a Li-Pb alloy negative electrode material according to an embodiment and a com- 
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parative example, and have a larger capacity compared with a graphite negative electrode material. However, the dis- 
charge capacity decreases significantly up to the 10--20th charge/discharge cycles. Even with Mg2Sn which is 
considered to be better than any of the other materials, the discharge capacity decreases to approximately 70% of the 
initial capacity after about the 20th cycle. 

5 [0010] Examples of positive electrode active materials forthe non-aqueous electrolyte secondary batteries , which 
are capable intercalating and de-intercalating of lithium ions include a lithium transition metal composite oxide with high 
charge/discharge voltage such as LiCo02, disclosed in the Japanese Patent Laid-Open Publication No. S55-136131, 
and LiNiOg, disclosed in the United States Patent No. 430251 8 aiming at even a higher capacity. Examples of such pos- 
itive electrode active materials further include composite oxides comprising a plurality of metallic elements and Trthium 

70 such as LlyNixCo^.x02 disclosed in the Japanese Patent Laid-Open Publication No. S63-299056, and LlxMyNzOz (M is 
one of Fe, Co and Ni, and N is one of Ti, V, Cr and Mn) disclosed in the Japanese Patent Laid-Open Publication No. 
H04-267053. 

[0011] Active research has been conducted especially on LiNi02 since supply of Ni, its raw material, is stable and 
inexpensive, and is expected to achieve a high capacity. 

15 [0012] It has been known that with thus far disclosed positive electrode active materials , especially with LiyNixM-j. 
jjOg (M is at least one material selected from a group consisting of cobalt (Co), manganese (Mn), chromium (Cr), iron 
(Fe), vanadium (V), and aluminum (Al); and x is 1 sxsO.5) there are significant differences in charge/discharge capacity 
between the initial charging (de-intercalation reaction of lithium) and discharging (intercalation reaction of lithium) in the 
voltage region usually used as a battery (4.3V-2V against Li)( for example, A. Rougier et al., Solid State Ionics 90, 83 

20 (1 996)). Fig. 2 shows a schematic view of the electric potential behavior at the initial charge and discharge of the pos- 
itive electrode and the negative electrode of a battery in which composite particle materials with the same theoretical 
capacity as the foregoing positive electrode materials are used in the negative electrode. 

[0013] In ng.2, (A - B) is the amount of electricity of the positive electrode charged during the first cycle, (B - C) is 
the discharge capacity of the positive electrode at the first cycle, and (C - A) is the irreversible capacity of the positive 

25 electrode. (A' - B') is the amount of electricity of the negative electrode charged during the first cycle, which is equal to 
(A - B) of the positive electrode. (B* - C) is the potential discharge capacity of the negative electrode at the first cycle, 
and (C - A') is the irreversible capacity of the negative electrode. The potential discharge capacity of the negative elec- 
trode at the first cycle (B' - C) is larger than the discharge capacity of the positive electrode at the first cycle (B - C) by 
the amount of (C - D). Therefore, the initial discharge capacity of the battery is determined by the initial discharge 

30 capacity of the positive electrode (B - C). In the following charge/discharge cycles from the second cycle onwards, reac- 
tion occurs revensibfy between (B - C) in the positive electrode and (B' - D) in the negative electrode, which is the same 
capacity as (B - C). Thus , an amount of lithium corresponding to the capacity of the negative electrode (C - D), remains 
in the negative electrode as "dead lithium" which can not contribute to the charge/discharge reaction of the battery, 
thereby lowering the capacity of the battery. 

35 [001 4] When the theoretical capacity of the positive electrode and the negative electrode are adjusted by increasing 
the amount of active materials in the positive electrode so that the first discharge capacity of the positive electrode and 
the negative electrode becomes the same after the first charging , the negative electrode is overcharged by the amount 
of (C - D) equal to the amount of "dead lithium" In the negative electrode, namely the amount corresponding to the dif- 
ference between the irreversible capacity of the positive electrode (C - A) and the negative electrpde (C* - A'). 

40 [0015] - However, the reversible charge capacity of the negative electrode active material is limited. If charging is 
conducted beyond that limit, lithium metal deposits on the surface of the negative electrode plate. The deposited lithium 
reacts with the electrolytic solution and becomes inert, thereby lowering the. charge/discharge efficiency and thus low- 
ering the cycle life properties. 

[0016] Conversely, if the negative electrode capacity is significantly larger than the positive electrode capacity, 
45 increase of the capacity of the batteries becomes harder due to the excess negative electrode material contained in the 
negative electrode. 

[0017] To solve these problems, the Japanese Patent Laid-Open Publication No. H05-62712 discloses a capacity 
ratio of the positive electrode to the negative electrode. Calculations made in this disclosure are based on the total 
capacity. However, in actual use, influences of such elements as strength of charging current, charging voltage, and 
50 materials used in the positive electrode and the negative electrode are significant Thus; when a battery is charged 
slowly taking a long time, just regulating the ratio of the total capacity as disclosed in the Japanese Patent Laid-Open 
Publication No. H05-62712 is adequate. However, if the speed of charging is important, as it has been in high-speed 
charging and pulse charging in recent years, the process is inadequate. 

[0018] The speed of charging is largely influenced by the specific surface area of the materials. Needless to say, a 
55 large specific surface area is more advantageous in terms of charging speed, however, if the specific surface area is 
excessively large, the capacity retention rate deteriorates markedly due to the generation of gas. Thus, the specific sur- 
face area needs to be kept within an appropriate range. With regard to this point, forthe batteries using carbon material, 
favorable ranges of the specific surface area are suggested in the Japanese Patent Laid-Open Publication No. H04- 



BNSDOCID: <EP 1052712A1 J_> 



EP 1 052 712 A1 



242890 and the Japanese Patent Lald-Open Publication No. S63-276873. The ranges are. in the case of the former, 
0.5 -lOm^/g and the latter, 1.0 m^/g or larger. The Japanese Patent Laid-Open Publication No, H04-249073 and the 
Japanese Patent Laid-Open Publication No. H06-1 03976 disclose favorable ranges for the specific surface area of the 
positive electrode materials, that is, in the case of the former, 0.01-3m^/g and the latter, 0.5 - lOm^/g. 
[0019] However, when considering a performance of a battery, the balance of intercalation and de-intercalation 
capacity between the positive electrode and the negative electrode is important, thus merely controlling the capacity of 
one element separately is meaningless. In other words, regulating the specific surface area of the positive electrode 
and the negative electrode independently as has been conducted conventionally is not satisfactory. 
[0020] The present invention alms to address the problems of conventional batteries described thus tar. 

Summary of the Invention 

[0021] The present invention relates to non-aqueous electrolyte secondary batteries comprising an positive elec- 
trode and a negative electrode capable of intercalating and de-intercalating lithium, a non-aqueous electrolyte and sep- 
arators or solid electrolytes. The negative electrode is characterized by its main material which uses composite 
particles constructed in such a manner that at least part of the surrounding surface of nuclear particles containing at 
least one of tin (Sn), silicon (Si) and zinc (2n) as a constituent element, is coated with a solid solution or an inter-metallic 
compound composed of an element included in the nuclear particles and at least one element (exclusive of the ele- 
ments included in the nuclear particles) selected from transition elements, elements of group 2, group 1 2. group 1 3 and 
group 14 (exclusive of carbon) of the Periodic Table. 

[0022] To improve the performance of the battery, the composite particles mentioned above can include at least one 
trace element selected from iron, lead and bismuth. Amount of the trace element to be added is between 0.0005 wt% 
and 0.002 wt% or more. 

[0023] The porosity of the mixture layer at the negative electrode is 1 0% or more and 50% or less. The porosity of 
the mixture layer is defined as: 

total volume of the space area of the mixture layer / total volume of the mixture layer x 1 00%. 

[0024] The present invention maintains the most appropriate amount of the electrolytic solution between the elec- 
trode plates by setting it at 0.1ml or more and 0.4ml or less against 1g of the total weight of the positive electrode and 
the negative electrode materials in the battery casing. 

[0025] Thickness of the separators located in between the positive electrode and the negative electrode of the bat- 
tery of the present invention is 1 5M.m or more and 40MJn or less. The piercing strength of the separators is 200g or more. 
[0026] To the negative electrode materials of the battery of the present invention, fluorinated carbon compounds 
defined as (CxF) n (1sx<20) or metallic compounds which can be reduced electrochemically to metal by charging are 
added. 

[0027] Regarding the battery of the present invention, the ratio of (specific surface area of the negative electrode 
material) to (specific surface area of the positive electrode material) is set at 0.3 - 12. In the same manner, when Rl is 
a diameter of a semi-circle arc plotted on a complex plane by measuring impedance at a range of frequencies between 
10kHz and 1 0MHz using an electrochemical battery in which an positive electrode plate is set as an active electrode 
and lithium metal is used in the other electrode ; and R2 is a.diameter of a semi-circle arc plotted on a complex plane 
by measuring impedance at a range of frequencies between 10kHz and 10MHz using an electrochemical battery in 
which a negative electrode plate is set as an active electrode and lithium metal is used in the other electrode, the value 
of R2 / R1 is between 0.01 -1 5. Based on the value of R2 / Rt. the specific surface area of the negative electrode mate- 
rial and the positive electrode material is estimated. 

[0028] The foregoing construction suppresses an internal short circuit between the positive electrode and the neg- 
ative electrode caused by expansion of the negative electrode material , thereby providing a high capacity battery with 
a superior charge/discharge cycle property suitable for a high-speed charging. 

Brief Description of the Drawings 

[0029] 

Rg. 1 shows a vertical cross section of a cylindrical battery of the present invention. 

Fig. 2 shows a schematic view of charge and discharge during the first cycle of a conventional lithium secondary 
battery. 

Fig. 3 shows a schematic view of charge and discharge at the first cycle in accordance with a sixth preferred 
embodiment of a lithium secondary battery of the present invention. 
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Fig. 4 shows a graph illustrating changes in cycle life and deterioration in the capacity retention rate against the 
ratio of a specific surface area of positive electrode materials to a specific surface area of negative electrode nnate- 
rials. 

Rg. 5 shows a view of a complex plane of Impedance measurement. 
5 Fig. 6 shows changes in cycle life and deterioration in the capacity retention rate against the ratio of the specific 

surface area of the positive electrode materials to the specific surface area of the negative electrode materials. 

Detailed Description of the Preferred Embodiments 

10 [0030] As a negative electrode material used In the present invention, composite particles whose nuclear particles 
composed of solid phase A are coated with solid phase B over the whole surface or part of the surface, are used. The 
solid phase A contains at least one of tin, silicon and zinc as a constituent element. The solid phase B is composed of 
a solid solution or inter-metallic compounds composed of at least one of tin, silicon and zinc and at least one element 
(exclusive of the foregoing constituent elements) selected from a group comprising elements of group 2 , transition ele- 

75 ments, elements of group 12, group 13 and group 14 {exclusive of carbon) of Periodic Table. Hereinafter, the foregoing 
negative electrode materials are called "composite particles". When the composite particles are used as a negative 
electrode material, the solid phase 6 helps to suppress expansion and shrinkage of the solid phase A caused by charg- 
ing and discharging, thereby achieving a negative electrode material with superior charge/discharge cycle properties. 
[0031] It can be considered that the solid phase A of the negative electrode material of the present invention mainly 

20 contributes to a higher charge/discharge capacity since it contains at least one of Sn, Si and Zn. The solid phase B 
which coats the whole or part of the surrounding surface of the nuclear particles comprising the solid phase A, contrib- 
utes to improvement of the charge/discharge cycle properties. The amount of lithium contained in the solid phase B is 
normally less than each of metal , a solid solution or an inter^metallic compound. 

[0032] In other words , the negative electrode material used in the present invention is constructed such that parti- 
es cles including at least one of high-capacity Sn, Si and Zn as a constituent element are coated with the solid solution or 
the inter-metallic compounds which are resistant to pulverization. The solid solution or the inter-metallic compounds in 
the coating layer prevent significant changes in crystal structure, namely changes in volume of the nuclear particles 
caused by electrochemical intercalating and de-intercalating of lithium, thereby restricting pulverization of nuclear par- 
ticles. However, the total volume of the coated particles changes to some extent. 
30 [0033] Due to this volume change, as the negative electrode materials swell during charging , the negative elec- 
trode materials or conductive materials on the surface of the negative electrode plate, in some cases, partly penetrate 
through the separators located in between the positive electrode and the negative electrode, thus causing a micro short 
circuit between the positive electrode and the negative electrode. The change in volume of the negative electrode mate- 
rials caused by charging and discharging of the present invention is larger than that of graphite materials. As such, it 
35 occurs more often compared with conventional batteries using graphite materials in the negative electrode. 

[0034] To solve this problem , the inventors of the present invention found that if the thickness of the separator is 
set 1 5\im or more and 40^m or less, and the piercing strength of "it 200g or more, a micro short circuit between the pos- 
itive electrode and the negative electrode caused by the swelling of the negative electrode materials during charging is 
restricted, thus achieving a good charge/discharge cycle property. 
40 [0035] in other words, if the thickness of the separator between the positive electrode and the negative electrode is . 
ISfim or less , the negative electrode materials or conductive materials on the surface of the negative electrode plate 
partly penetrate through the separators located in between the positive electrode and the negative electrode, thus caus- 
ing a micro short circuit between the positive electrode and the negative electrode. On the other hand, if the thickness 
of the separator is 40mjti or more . the volume of the separators within the casing of the battery increases while the vol- 
45 . ume of the fillings in the positive electrode and the negative electrode needs to be reduced. As a result, the initial 
charge/discharge capacity lowers. 

[0036] The present invention specifies the piercing strength of the separator, which is an index of the physical char- 
acteristics of the separator. The measuring method of the piercing strength is described below: 

50 cut a separator into a 50mm x 50mm piece, then place it onto a jig fixing "it at 5mm from both sides; 

press the center of the separator at a speed of 2mm/sec with a needle of 1 mm in diameter and with a tip of 0.5R; 
and 

measure the value of the maximum load at breaking point. 

55 [0037] The value of the maximum load is the piercing strength. When the piercing strength measured by this 
method is 200g or less , even if the thickness of the separator is 15[im or more, the negative electrode materials swell 
during charging, thus causing a micro short circuit between the positive electrode and the negative electrode. As a 
result, a good charge/discharge cycle property can not be achieved. 
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[0038] As a separator of the present invention, porous thin films having a large ion permeability, a predetemnined 
mechanical strength and insulation properties are used. It is desirable that the separators close their pores at a prede- 
temiined temperature or higher so that the internal resistance of the battery is increased. Separators are required to 
have an organic solvent resistance and a hydrophobic property. Therefore, as materials for the separators, polypropyl- 

5 ene, polyethylene and their copolymers such as olefin polymers, as well as glass fiber sheet and both non-woven and 
woven fabrics of glass fiber are used. The diameter of the pore of the separators is desirably set within the range 
through which positive electrode and negative electrode materials separated from electrode sheets, binding materials, 
and conductive materials can not penetrate. Such a desirable range is, for example, 0.01 - l^m. The porosity is deter- 
mined by the permeability of electrons and ions, material and membrane thickness, in general however, it is desirably 

w 30-80%. 

[0039] The amount of non-aqueous electrolytic solution (hereinafter, electrolyte) against 1g of total weight of the 
positive electrode and the negative electrode materials which can intercalate and de-intercalate lithium within the cas- 
ing of the battery, is desirably between 0.1ml and 0.4ml. 

[0040] If the electrolyte is between 0.1ml and 0.4ml , the electrolyte can be sufficiently maintained over the entire 
15 surfaces of both positive electrode and negative electrode, even when the amount of the non-aqueous electrolytic solu- 
tion is changed due to expansion and shrinkage of the negative electrode materials. Thus, a good charge and dis- 
charge cycle property can be obtained. 

[0041] On the other hand, if the amount of the electrolyte is 0.1 ml/g or less, the electrolyte fails to adequately cover 
the negative electrode. The current density during charging and discharging differs significantly depending on whether 

20 or not the part of the negative electrode where the current is flowing, is adequately covered by the electrolyte. In the 
part of the negative electrode where the electrolyte adequately penetrates, excess lithium ions contribute to electrode 
reaction, fncreasing the charging capacity of the negative electrode material. When the negative electrode materials 
react with lithium, their structure changes. Thus, good charge/discharge cycle properties can not be expected. 
[0042] If the amount of the electrolyte in the casing of the battery is 0.4ml or more, excessive amounts of electrolyte 

25 overflows from between the electrodes , increasing the internal pressure of the battery which in turn causes a leakage 
of the electrolyte. Thus, it is not desirable. 

[0043] By adding a trace amount of impure elements to the negative electrode materials of the battery of the 
present invention, the retention rate of the discharge capacity after charge/discharge cycles can be improved. The 
retention rate of the discharge capacity can also be improved by adding fluorinated carbon compounds or metallic com- 

30 pounds which can be reduced electrochemically to metal by charging, to the negative electrode materials. This 
improvement in the retention rate is between 1 and 8%. It sounds like just a small improvement. However, considering 
the fact that the retention rate has already reached over 90%, this improvement is significant from an industrial perspec- 
tive. That means, 1% improvement actually corresponds to 10% improvement against the remaining 10% yet to be 
improved, and in the same manner, 8% means 80%. 

35 [0044] Moreover, in the field of the energy technology to which the present invention relates, 1% improvement in 
efficiency means, when added up the all the improvement worid wide, a significant reduction in energy consumption. 
[0045] In the battery of the present invention, the porosity of the mixture layer composing the negative electrode 
materials. Is set 10% or more and 50% or less. The reason why the porosity is set in that range is as follows. If the 
porosity is 1 0% or less, the density of the negative electrode materials can be increased. However, the electrolytic solu- 

40 tion does not penetrate into the negative electrode sufficiently. Thus, the negative electrode materials fail to be used 
adequately, resulting in a deteriorated charge/discharge cycle property. Especially in the case of the negative electrode - 
materials of the present invention, increase in the volume of the particles is restricted markedly since the solid phase A 
is covered with the solid phase B, however, the volume still increases by tens of a percentage. This has a significant 
influence on the charge/discharge cycle property. Compared with carbon materials which do not increase in volume, 

45 the present invention requires a larger space between the electrodes. In other words, when the porosity is low, the vol- 
ume of the space in the negative electrode decreases remarkably when the negative electrode materials intercalate lith- 
ium, thereby reducing the retained electrolyte. Furthermore, swelling and shrinking of the electrode plates themselves 
may cause damage to the mixture layer. On the other hand, if the porosity is 50% or more, although the use rate of the 
negative electrode materials improves due to a better penetration of the electrolytic solution, the absolute amount of the 

50 negative electrode materials decrease. Thus, a battery with a higher capacity than a battery using carbon materials in 
the negative electrode can not be achieved. 

[0046] As a method to adjust the porosity of the mixture layer of the negative electrode, a pressure roller can be 
used. The porosity can also be adjusted by adding and contn^lling the amount of a pore forming material. 
[0047] Regarding the battery of the present invention, the value of (specific surface area of the negative electrode 
55 material) / (specific surface area of the positive electrode material) is set at 0.3-12. In the same manner, when R1 is a 
diameter of a semi-drcle arc plotted on a complex plane by measuring impedance at a range of frequencies between 
lOkHz and 10MHz using an electrochemical battery in which ari positive electrode plate is used as an active electrode 
and lithium metal is used in the other electrode ; and R2 is a diameter of a semi-circle arc plotted on a complex plane 
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by measuring impedance at a range of frequencies between 10kHz and lOMHz using an electrochemical battery in 
which a negative electrode plate is set as an active electrode and lithium meta! is used in the other electrode, the value 
of R2/ R1 is between 0.01 - 1 5. If the value of (specific surface area of the negative electrode material) / (specific sur- 
face area of the positive electrode material) is not less than 12, the electric potential of the positive electrode rises when 

5 the battery Is charged fully . which promotes the production of gas. Thus, when the battery is charged and stored, its 
capacity decreases significantly. Conversely, when the value is not more than 0.3, lithium deposits on the surface of the 
negative electrode materials during high-speed charging, and the cycle life of the battery is degraded significantly. 
[0048] Since binders and conductive materials are used when electrode materials are used as positive electrode 
and negative electrode plates , the value of (specific surface area of the negative electrode material) / (specific surface 

10 area of the positive electrode material) may not be enough to measure the properties of the battery. In such a case, the 
charge/discharge properties per unit area of the positive electrode and the negative electrode plates can be estimated 
by measuring impedance of the positive electrode and the negative electrode. Thus, by regulating the ratio of the diam- 
eters of semi-drcle arcs plotted on the complex planes to show the result of measuring, the charge/discharge proper- 
ties per unit area can be estimated. 

15 [0049] In short, when the value of R2 / R1 is not more than 0.01 , the electric potential of the positive electrode rises 
when the battery is fully charged , promoting the production of gas. Thus, when the battery is charged and stored, its 
capacity decreases significantly. Conversely, when the value is not more than 15, lithium deposits on the surface of the 
negative electrode materials during high-speed charging, and the cycle life of the battery is degraded significantly. 
[0050] The materials used in the battery of the present invention are described in detail below. 

20 [0051] The positive electrode and the negative electrode of the battery of the present invention are constructed by 
coating a current collector with a composite mixture which includes , as main constituents, the positive electrode active 
materials and the negative electrode materials capable of electrochemically and reversibly intercalating and de-interca- 
lating lithium ions, and conductive materials as well as binders. 

[0052] The following is a 'manufacturing method of composite particles used for the negative electrode materials. 

25 [0053] In one manufacturing method of the composite materials, a fused mixture of elements to be included in the 
composite particles at a predetermined composition ratio is quenched and solidified by dry-spraying, wet-spraying, roll- 
quenching or turning-electrode method. The solidified material is treated with heat lower than the solid-line temperature 
of a solid solution or inter-metallic compounds. The solid line temperature is determined by the composition ratio. The 
process of quenching and solidifying of the fused mixture allows the solid phase A to deposit , and at the same time, 

30 allows the solid phase B, which coats part of or the whole surface of the solid phase A, to deposit. The heat treatment 
following the foregoing method enhances evenness of the solid phase A and the solid phase B. Even when the heat 
treatment is not conducted, composite particles suitable for the present Invention can be obtained. Apart from the 
quenching method mentioned above, other methods are applicable providing they can quench the fused mixture rapidly 
and adequately. 

35 [0054] In another manufacturing method, a layer of deposits comprising essential elements in forming solid phase 
B is formed on the surface of powder of the solid phase A. The layer is treated at temperatures lower than the solid line. 
This heat treatment allows constituent elements within the solid phase A to disperse throughout the deposit layer to 
form the solid phase B as a coating layer. The deposit layer can be formed by plating or by a mechanical alloying 
method: In the case of the mechanical alloying method, the heat treatment is not necessary. Other methods can also 

40 be used on the condition that they can form the surrounding deposit layer. 

[0055] As a conductive material for the negative electrode, any electronic conduction materials can be used. Exam- 
ples of such materials include graphite materials including natural graphite (scale-like graphite) synthetic graphite and 
expanding graphite ; carbon black materials such as acetylene black, Ketzen black (registered trademark of highly 
structured furnace black), channel black, furnace black, lamp black and thermal black; conductive fibers such as carbon 

45 fibers and metallic fibers; metal powders such as copper and nickel; and organic conductive materials such as poly- 
phenylene derivatives. These materials can be used independently or in combination. Among these conductive mate- 
rials, synthetic graphite, acetylene black and carbon fibers are especially favorable. 

[0056] The amount of conductive additives is not specifically defined, however, 1 - 50wt%, especially 1 - 30% of the 
negative electrode materials is desirable. As negative electrode materials (composite particles) of the present invention 
50 are conductive themselves, even if conductive materials are not added, the battery can actually function. Therefore, the 
battery has more room available to contain more composite particles. 

[0057] Binders for the negative electrode can be either thermoplastic resin or thennosetting resin. Desirable bind- 
ers for the present invention includes the following materials ; polyethylene, polypropylene, poly-tetrafluoroethylene 
(PTFE), poly-vinylidene fluoride (PYDF), styrene - butadiene rubber, a tetrafluoroethylene - hexafluoropropylene copol- 
55 ymer (FEP), a tetrafluoroethylene - perfluoro-alkyl-vynyl ether copolymer (PFA), a vinyliden fluoride - hexafluoropropyl- 
ene copolymer, a vinyliden fluoride - chlorotrifluoroethylene copolymer, a ethylene - tetrafluoroethylene copolymer 
(ETFE), poly chlorotrifluoroethylene (PCTFE), a vinyliden fluoride - pentafluoropropylene copolymer, a propylene - 
tetrafluoroethylene copolymer, a ethylene - chlorotrifluoroethylene copolymer (ECTFE), a vinyliden fluoride - hexafluor- 
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opropylene - tetrafluoroethylene copolymer, a vinyliden fluoride perfluoro-methyl vinyl ether - tetrafluoroethylene copol- 
ymer, an ethylene - acrylic acid copolymer or its Na+ ion crosslinking body, an ethylene - methacrylic acid copolymer or 
its Na+ ion crosslinking body, a methyl acrylate copolymer or its Na+ ion crosslinking body, and an ethylenemethyl 
methacrylate copolymer or its Na+ ion crosslinking body Favorable materials among these materials are styrene buta- 
5 diene rubber , polyvlnylidene fluoride, an ethylene - acrylic acid copolymer or its Na+ ion crosslinking body, an ethylene 
- methacrylic acid copolymer or its Na+ ion crosslinking body, a methyl acrylate copolymer or its Na+ ion crosslinking 
body, and an ethylene-methyl methacrylate copolymer or its Na+ ion crosslinking body. 

[0058] As a negative electrode cun-ent collector, any electronic conductors may be used on the condition that they 
do not chemically change in the battery. For example, stainless steel, nickel, copper, titanium, carbon, conductive resin, 

10 as well as copper and stainless steel of which the surface is coated with carbon, nickel or titanium can be used. Espe- 
cially favorable materials are copper and copper alloys. Surfaces of these materials may be oxidized. It is desirable to 
treat the surface of the current collector to make it uneven. Usable forms of the foregoing materials as the current col-r 
lector include a foil, a film, a sheet, a mesh sheet, a punched sheet a lath fonn, a porous form, a foamed form and a 
fibrous form. The thickness is not specifically defined however, normally those of 1-500^m in thickness are used. 

15 [0059] As positive electrode active materials, lithium compounds or non-lithium containing compounds can be 
used. Such compounds include LixCoOg, LixNiOg , LixMnOg. LixCOyNii.yOg. LixCOyMi.yOz. LixNii.yMyOz,* LixMn204. 
LixMn2.yMy04 (M is at least one of Na, Mg, Sc, Y, Mn, Fe. Co, Ni, Cu, Zn, Al. Cr, Pb, Sb and B, and x=0-1, Y=0-0.9. 
2=2.0-2.3). The value of x is the value before charging and discharging, thus it changes along with charging and dis- 
charging. Other usable positive electrode materials include transition metal chalcogenides, a vanadium oxide and its 

20 lithium compounds, a niobium oxide and its lithium compounds, a conjugate polymer using organic conductive materi- 
als, and Chevrel phase compounds. It is also possible to use a plurality of different positive electrode materials in a mix- 
ture. The average diameter of particles of the positive electrode active materials is not specifically defined, however, 
desirably it is 1 -30M.m. 

[0060] Conductive materials for the positive electrode can be any electronic conductive material on the condition 
25 that it does not chemically change within the range of charge and discharge electric potentials of the positive electrode 
materials in use. Examples of such materials include graphite materials including natural graphite (scale-like graphite) 
and synthetic graphite ; carbon black materials such as acethylene black, Ketzen black, channel black, furnace black, 
lamp black and thermal black; conductive fibers such as carbon fibers and metallic fibers; metal powders such as fluor- 
ocarbon and aluminum; conductive whiskers such as a zinc oxide and potassium titanate, conductive metal oxides such 
30 as a titanium oxide, and organic conductive materials such as polyphenylene derivatives. These materials can be used 
independently or in mixture. Among these conductive materials, synthetic graphite and acetylene black are especially 
favorable. 

[0061] Amount of the conductive materials to be added is not specifically defined, however, 1 -50wt%, especially 1 - 
30% of the positive electrode materials is desirabje. In the case of carbon and graphite, 2-15 wt% is especially favora- 
35 ble. 

[0062] Binders for the positive electrode can be either thermoplastic resin or themnosetting resin. The binders for 
the negative electrode mentioned earlier can be used preferably, however, PVDF and PTFE are more favorable than the 
others. 

[0063] Current collectors for the positive electrode of the present invention can be any electronic conductors on the 
40 condition that it does not chemically change within.the range of charge and discharge electric potentials of the positive 
electrode materials in use. For example, the cun*ent collectors for the negative electrode mentioned earlier may be used 
preferably. The thickness of the cun-ent collectors Is not specifically defined, however, those of 1 -SOOjum in thfckness are 
used. 

[0064] As electrode mixtures for the positive electrode and the negative electrode plates, conductive materials, 
45 binders, fillers, dispersants, ionic conductor, pressure enhancers, and other additives can be used. Any fiber materials 
which does not change chemically in the battery can be used as fillers. In general, olefin polymers such as polypropyl-. 
ene and polyethylene, and fibers such as glass fiber and carbon fiber are used as fillers. The amount of the filler to be' 
added is not specifically defined however, it is desirably 0-30wt^/o of the electrode binders. 

[0065] As for the constitution of the positive electrode and the negative electrode, it is favorable that at least the sur- 
50 face of the negative electrode where the negative electrode mixture is applied is facing the surface of the positive elec- 
trode where positive electrode mixture is applied. 

[0066] The electrolye is composed of non-aqueous solvent and lithium salts dissolved therein. Examples of non- 
aqueous solvents include cyclic carbonates such as ethylene carbonate (EC), propylene cartonate (PC), butylene car- 
bonate (BC), and vinylene carbonate (VC); acyclic carbonates such as dimethyl carbonate (DMC), diethyl carbonate 
55 (DEC), methyl ethyl carbonate (EMC), and dipropylene carbonate (DPC); aliphatic carboxylates such as methyl for- 
mate, methyl acetate, methyl propionate, and ethyl propionate; y-lactones such as y-butyrolactone; acyclic esters such 
as 1,2 - dimethoxyethane (DME), 1,2 - diethoxyethane (DEE), and ethoxymethoxyethane (EME); cyclic esters such as 
tetrahydrofuran and 2- methyltetrahydrofuran; and non-protonic organic solvents such as dimethyl sulfoxide, 1 ,3 - diox- 
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olane, formamide, acetamide, dimethylformamide, dioxolane, acetonitrile, propyonitrile. nitromethane, ethyl- 
monoglime, triester of phosphoric acid , trlmethoxy methane, dioxolane derivatives, sulfolane, methyl sulfolane, 1.3- 
dimethyl-2-imida20lidine. 3-methyl-2-oxa2olidinone, propylene carbonate derivatives, tetrahydrofuran derivatives, ethyl 
ether, 1 ,3-propane saltane, anisole, dimethyl sulfoxide and N-methyl pyrolidon. These solvents are used independently 
5 or as a mixture of two or more solvents. Mixtures of cyclic carbonate and acyclic carbonate, or cyclic carbonate, acyclic 
carbonate and aliphatic carboxylate are especially favorable. 

[0067] As lithium salts which dissolve into the foregoing solvents include LiCI04, LiBF4 , LiPFe, LiAIC^, LiSbFe, 
. LiSCN. LICI. UCF3SO3, LiCFgCOg. Li (CF3S02)2. LiAsFg, LiN{CF3S02)2, LiBioCho* lithium salts of lower aliphatic car- 
boxylic acid. LiCI, LiBr, Lil, chloroborane lithium, 4-phenil boric acid, and an imide group. These lithium salts can be dis- 
10 solved in the non-aqueous solvents mentioned earlier Individually or as a mixture of two or more to be used as an 
electrolyte. It is especially favorable to include LIPF© in the electrolyte. 

[0068] Especially favorable non-aqueous electrolytic solution of the present invention include at least EC and EMC, 
and as a supporting salt, LiPFs- The amount of the electrolyte to be added to the battery is not specifically defined. It 
can be determined according to the amount of positive electrode materials and negative electrode materials. The 
IS amount of the supporting electrolyte dissolved in the non-aqueous solvent is preferably 0.2-2mol/l, especially 0.5- 
1 .5mol/l is favorable. 

[0069] Instead of an electrolyte, the following solid electrolytes which are categorized into inorganic solid electro- 
lytes and organic solid electrolytes can also be used. 
. [0070] Among inorganic solid electrolytes, lithium nitrides, lithium halides, and lithium oxides are well known. 
20 Among them, 1148104, Li4Si04-Lil-LiOH, xlJ3P04-(1 -x)Li4Si04, U2SiS3, Li3P04-Li2S-SiS2 and phosphorus sulfide com- 
pounds are effective. 

[0071] Effective organic solid electrolytes include polymer materials such as derivatives, mixtures and complexes 
of polyethylene oxide, polypropylene oxide, polyphosphazene. polyaziridine, polyethylene sulfide, polyvinyl alcohol, pol- 
yvinylidene fluoride, polyhexafluoropropylene. 
25 [0072] It is effective to add other compounds to the electrolyte in order to improve discharge and charge/discharge 
properties. Such compounds include triethyl phosphate, triethanolamine, cyclic ethers, ethylene diamine, n-grime, pyri- 
dine, triamide hexaphosphate, nitrobenzene derivatives, crown ethers, quaternary ammonium salt, and ethylene glycol 
di-alkyl ethers. 

[0073] It is also possible to construct a batteries such that polymer materials, which absortD and retain an organic 

30 electrolyte comprising solvents and lithium salts dissolved in the solvents, are included in the positive electrode and the 
negative electrode binding materials, and porous separators comprising polymers which can absorb and retain an 
organic electrolyte is disposed integrally with the positive electrode and the negative electrode. As the polymer materi- 
als, any materials which can absorb and retain organic electrolytic solution can be adopted. Among them, a copolymer 
of vinylidene fluoride and hexafluoropropylene is especially favorable. 

35 [0074] Ruorinated carbon compounds added to the negative electrode materials are defined as (CxF) n (1 sx<20). 
Desirably, these fluorinated carbon compounds inreversibly react with lithium ions in a reduction reaction. An especially 
high effect can be achieved when a fluorinated compounds of or a mixture of one or more following materials ; thermal 
black, acetylene black, furnace black, vapor phase grown carbon fibers, thermally decomposed carbons, natural graph- 
ite, synthetic graphite, meso-phase carbon micro beads, petroleum cokes, coal cokes, petroleum carbon fibers, coal 

40 carbon fibers, charcoal, activated carbon, glassy carbon, rayon carbon fibers, and PAN carbon fibers, is used. 

[0075] The amount of the carbon compounds to be added is desirably, as electric capacity, the same as the differ- 
ence in in-eversible capacities of the positive electrode and the negative electrode. Since the electrochemical equiva- 
lents of the common fluorinated carbons (CF)n and (C2F)n are respectively 864mAH/g and 623mAH/g, when the added 
amount of carbon compounds is 0.2%-15% of the total amount of the composite particle materials and carbon com- 

45 pounds, the carbon compounds work most effectively. 
. [0076] Metallic compounds added to the negative electrode materials, and which can be reduced electrochemically 
to a metal in a reduction reaction , include metallic oxides, metallic sulfides, metallic selenides, and metallic tellurides 
which react with lithium ions in a reduction reaction within a range of electric potentials between the positive electrode 
and the negative electrode. 

50 [0077] As metallic oxides, at least one can be selected from a group comprising Ag20, PbO, NiO, NigOa, GoO. 
C02O3. C03O4. CuO. CugO, BigOa, SbaOa, CraOg, Mn02 and Fe04. 

[0078] As metallic sulfides, at least one can be selected from a group comprising Ag2S, PbS, NiS, Ni2S, Ni3S4, 
Cos, C02S3, C03S4, CuS, CugS, Bi2S3. Sb2S3, Sb2S4, Sb2S5, CrS. Cr2S3. MnS. Mn3S4. MnS2 and FeS, FegSg. FeSg, 
M02S3 and M0S2. 

55 [0079] As metallic selenides, at least one can be selected from a group comprising Ag2Se, PbSe, Co2Se3, Co3Se4, 
CuSe, Cu2Se, Bi2Se3, Sb2Se3, Sb2Se5, and Cr2Se3. 

[0080] As metallic tellurides, at least one can be selected from a group comprising Ag2Te, PbTe. NiTe, NigTes, 
CuTe, CugTe, Bi2Te3 and Sb2Te3. 
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[0081] Needless to say, a mixture of these oxides, sulfides, selenides and teflurides can also be used. These com- 
pounds need to be added just enough to consume irreversible capacity of the positive electrode. In general, such 
amount Is desirably 0.2%-207o of the total amount of the composite particles and the foregoing compounds. 
[0082] With these compounds, if for example, NiS is used, metallic nickel is fomried in a reduction reaction defined 
5 by the following formula; 

NiS+2Li-*--i-2e--^Ni+Li2S 

[0083] The nickel formed in the above reaction is chemically and electrochemically stable within the range of the 
10 electric potential in which the negative electrode active materials axe charged and discharged. During discharge of the 
negative electrode, the nickel is not oxidized. It is irreversible and maintains its metal state. Since metallic compounds 
form metals during the initial charging, conductivity within the negative electrode plate improves significantly. Thus, 
internal resistance and polarization in the negative electrode are reduced, thereby achieving higher capacity. 
[0084] When the foregoing additives are used, the negative electrode additives are allowed to be charged with and 
75 thus consume an excess of the irreversible capacity of the positive electrode over that of the negative electrode, and 
thus consumes that amount. Therefore, use of the additives achieves a battery with even higher energy density and bet- 
ter cycle properties. The products of the reduction reaction do not fomri compounds with lithium afterwards, thus the 
reaction is irreversible. It is conflmried that, in the case of the metallic oxides, metallic sulfides, metallic selenides, and 
metallic tellurides of the present invention, reactions are irreversible thus lithium de -intercalating reaction does not 
20 occur. This is a remarkable difference from conventional compounds containing lithium used as negative electrode 
additives . This is a characteristic of the present invention. 

[0085] The amount of electricity charged when reacted with lithium in a reduction reaction can be measured in the 
following steps: 

25 add acetylene black about 30% by weight of the compound (for example, NiS) to be added, 

make a pellet by applying a pressure of 250kg/cm^ after adding acetylene black, and fix it on a stainless cun-ent 
collector which then functions as an active electrode, 

use metallic lithium on the other electrode as well as on a reference electrode, and 

discharge constant current to the electrodes with lithium until their voltage reaches dV and then measure the 
30 amount of electricity. 

[0086] The most favorable electrolyte for measuring is the ones used in the actual battery. The current density for 
charging is desirably not more than 0.1 mA/cm^. 

[0087] The best result of the present invention was obtained when lithium-containing metallic oxides based on lith- 
35 ium-containing nickel oxides of which charge/discharge efficiency at the first cycle is between 75-95% is used as a pos- 
itive electrode material. 

[0088] Fig. 1 shows a vertical cross section of a cylindrical battery of the present invention. In fig. 1, an positive 
electrode plate 5 and negative electrode plate 6 are spirally rolled a plurality of times via separators 7, and placed in a 
battery casing 1. Coming out from the positive electrode plate 5 is an positive electrode lead 5a which is connected to 
40 a sealing plate 2. In the same manner, a negative electrode lead 6a comes out from a negative electrode plate 6, and 
is connected to the bottom of the battery casing 1 . 

[0089] Electronically conductive metals and alloys having organic electrolyte resistance can be used for the battery 
casing and lead plates. For example, such metals as iron, nickel, titanium, molybdenum copper and aluminum and their 
alloys can be used. For the battery casing, processed stainless steel plate or Al-Mn alloy plate is favorably used, and 
45 for the positive electrode lead and the negative electrode lead, aluminum and nickel respectively are most favorable. For 
the battery casing, engineering plastics can be used independently or in combination with metals in order to reduce 
weight. 

[0090] Insulating rings 8 are disposed on the top and bottom of an electrode plate group 4. A safety valve can be 
used as a sealing plate. Apart from the safety valve, other conventionally used safety elements can be disposed. As an 

so overcurrent protector, for example, fuses, bimetal and PTC elements can be used. To deal with increases in internal 
pressure of the battery casing, a cut can be provided to the battery casing, a gasket cracking method or a sealing plate 
cracking method can be applied, or the connection to the lead plate can be severed. As other methods, a protective cir- 
cuit incorporating anti-overcharging and anti-overdischarging systems, can be included in or connected independently 
to a charger. As an anti-overcharging method, current flow can be cut off by an increase in internal pressure of the bat- 

55 tery. In this case, a compound which raises internal pressure can be mixed with the electrode mixture or with the elec- 
trolytes. Such compounds include carbonates such as Li2C03, LiHC03, Na2C03, NaHC03 and MgC03. 
[0091] The cap, the battery casing, the sheet and the lead plate can be welded by conventional methods such as 
an alternative current or a direct current electric welding, a laser welding and an ultrasonic welding. As a sealing mate- 
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rial, conventional connpounds and composites such as asphalt can be used. 

[0092] The battery of the present invention can be applied in any fonm including coin shapes, button shapes, sheet 
shapes, laminated shapes, cylinder shapes, flat types, square types and large types used in electric cars. 
[0093] The battery of the present invention can be used for portable information terminals, portable electronic 
5 devices, domestic portable electricity storing devices, motor cycles, electric cars and hybrid electric cars. However, the 
application of the battery is not limited to the foregoing. 

[0094] The present invention is described in detail hereinafter in accordance with the preferred embodiments. The 
descriptions are not intended to be construed as limitations upon the scope of the invention. 

10 (Manufacture of the composite particles) 

[0095] In Table 1, components (pure elements, inter-metallic compounds, solid solution) of the solid phase A and 
the solid phase B of the composite particles used in the preferred embodiments of the present invention , composition 
ratio of elements, melting temperature, and solid phase line temperature are shown. Commercially available highly pure 
15 reagents are used as ingredients of each element. Impurities contained in the ingredients are examined with an induc- 
tively coupled plasma atomic emission spectroscopy, and results are described in table 2. 

[0096] To obtain solid materials, powder or a block of each element composing composite particles is put into a 
fusion vessel in the composition ratio shown in table 1, fused at the melting temperature also shown in table 1. The 
fused mi)cture is rapidly cooled and solidified using a rapid cooling roll. Then, the solid was heat treated at temperatures 
2o' of 1 0**C~50*'C lower than the solid phase line temperatures shown in table 1 , in an inert atmosphere for 20 hours. The 
heat treated material is ground with a bail mill, and classified by using a sieve to prepare composite particles having a 
diameter not larger than 45 pm. Observation with an electron microscope confinmed these connposite particles having 
part of or the whole surface of the solid phase A thereof covered with the solid phase B. 

25 (negative electrode plate) 

[0097] To prepare the negative electrode plate 6, 20wt% of cariDon powder and 5wt% of polyvinylidene fluoride are 
mixed with a 75wt% of the composite particles synthesized under the foregoing conditions. The mixture is dispersed In 
dehydrated N-methylpyrrolidinone to form a slurry. The slurry is coated on a negative electrode current collector com- 
30 prising copper foil, dried and rolled under pressure to form the negative electrode plate 6. 

(positive electrode plate) 

[0098] To prepare the positive electrode plate 5, 10wt% of carbon powder and 5wt% of polyvinylidene fluoride are 
35 mixed with 85wt% of lithium cobattate powder. The mixture is dispersed in dehydrated N-methylpyrroIidinone to form a 
slurry. The slun7 is coated on an positive electrode current collector comprising copper foil, and dried and rolled under 
pressure to form the negative electrode plate 5. 

(electrolyte) 

40 

[0099] The electrolyte is prepared by dissolving 1.5mol/l of LiPFe in a mixed solvent of EC and EMC mixed at the 
ratio of 1to1 by volume. 

The first preferred embodiment 

45 

[0100] In the first preferred embodiment , the piercing strength of the separators disposed in between the positive 
electrode and the negative electrode is set at around 300g, and their thickness is set (1) 10)im, (2) ISfxm, (3) 15M,m, (4) 
20iim, (5) 30|Lim, (6) 40^m and (7) 45^im. Polyethylene porous film is used to prepare the separators. 
[0101] Using the materials shown in table 1, batteries with separators with different thickness are manufactured. 

50 The manufactured cylindrical batteries are 1 8mm in diameter and 65mm in height The batteries are charged with con- 
stant current of 100mA until their voltage becomes 4.1V, and then discharged at the constant current of 100mA until 
their voltage becomes 2.0V. The charge/discharge cycle is repeated in a temperature-controlled oven at 20**C. The 
charge/discharge cycle is repeated 100 times, and ratio of the discharge capacity at the 100th cycle to that of the first 
cycle is shown in Table 3 as capacity retention rates. 

55 [0102] For comparison, a cylindrical battery is prepared by using graphite materials as the negative electrode mate- 
rial. In this case. 1510mAh discharge capacity at the first cycle and 92% capacity retention rate at the 1 00th cycle are 
obtained. 

[0103] As it is clearly shown in Table 3, when the piercing strength of the separators is approximately 300g, batter- 
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ies 3-6 in which thickness of the separators is 1 Smjti or more and 40^nn or less, have a superior charge/discharge cycle 
properties with a higher capacity. On the contrary, when the thickness of the separators is ISjinn or less, the capacity 
retention rate becomes 60% or less and sufficient properties can not be achieved. 

[0104] The predominant reason for this decrease in the discharge capacity is considerably that when the thickness 
5 of the separators is 15pun or less, the negative electrode materials or conductive materials around the surface of the 
negative electrode plate partially penetrate through the separators disposed in between the positive electrode and the 
negative electrode due to the increase in volume of the negative electrode materials during charging, and cause a micro 
short circuit. 

[0105] When the thickness of the separator is 45^im or more, although cycle deterioration caused by the micro short 
10 circuit does not occur, the volume of the separators within the casing of the battery increases. Thus, the amount of the 
materials in the positive electrode and the negative electrode decreases , resulting in a lowered discharge capacity at 
the first cycle to the level almost the same as a battery using graphite materials as the negative electrode. Therefore, it 
is difficult to achieve a battery with a high capacity. 

15 The second preferred embodiment 

[0106] In the second preferred embodiment, the thickness of the separators disposed in between the. positive elec- 
trode and the negative electrode is set at ISpm, and the piercing strength thereof, set at 152g, 204g, 303g, and 411g. 
Polyethylene porous film is used to prepare the separators. 

20 [0107] Batteries with different piercing strength are manufactured in the same manner as in the first preferred 
embodiment. The results are shown in Table 4. As it is clearly shown in Table 4, when the piercing strength of the sep- 
arators is 200g or stronger, the charge/discharge cycle property is superior with the capacity retention rate of the bat- 
tery 85% or higher. On the contrary, when the piercing strength of the separators is 200g or less, the capacity retention 
rate of the battery is around 40%, thus failing to achieve desired properties. 

25 [0108] The predominant reason for this deterioration in the capacity is that, when the piercing strength of the sep- 
arators is ISjim or less , the negative electrode materials or conductive materials around the surface of the negative 
electrode plate partially penetrate through the separators disposed in between the positive electrode and the negative 
electrode due to the increase in volume of the negative electrode materials during charging, and cause a micro short 
circuit. 

30 [0109] In this embodiment, the batteries are formed with separators of different piercing strength by limiting the 
thickness of the separators to 1 5^im , namely the thinner end of the range of 1 5^im or more and 40jim or less as defined 
in the present invention. However, from the results of the first and the second prefen-ed embodiments, it can reasonably 
be expected that a micro short circuit should not occur when the thickness of the separators is within the range defined 
by the present invention and the piercing strength is 200g or more. 

35 [0110] In this embodiment, the negative electrode materials are limited to material A, however, other materials 
obtain similar results. 

[0111] in the first and the second preferred embodiments, polyethylene porous film is used to prepare the separa- 
tors, however, olefin polymers such as polypropylene and polyethylene may be used independently or in combination 
to obtain similar results. 

40 [0112] Regarding constituent elements of the negative electrode materials, when the solid phase A is Sn , Mgfrom 
gnsup 2 elements. Fe and Mo from transition elements, Zn and Cd from group 12 elements, Al from group 13 elements 
and Sn from group 14 elements are used as constituent elements of the solid phase B. However, similar results are 
obtained with other elements selected from each group. 

[0113] When the solid phase A is Si, Mg from group 2 elements, Co and Ni from transition elements, Zn from group 
45 12 elements, Al from group 13 elements and Sn from group 14 elements are used. However, similar results are obtained 
with other elements selected from each group. Similarly, when the solid phase A is Zn, Mg from group 2 elements, Cu 
and V from transition elements, Cd from group 1 2 elements, Al from group 1 3 elements and Ge from group 1 4 elements 
are used. However, similar results are obtained with other elements selected from each group. 

[0114] The composition ratio of the constituent elements of the negative electrode materials is not defined on the 
so condition that the composite particles have two phases with one of them (phase A) mainly formed with Sn , Si, and Zn, 
and part or whole surface of which covered with the other phase (phase B). The phase B is not necessarily composed 
only of solid solutions and inter-metallic compounds shown in Table 1 . It may also contains a trace of elements compos- 
ing each solid solution and inter-metallic compound, as well as other elements. 

55 The third preferred embodiment. 

[0115] In the third preferred embodiment , the amount of the electrolyte is set at 0.05ml/g, O.IOml/g, 0.15ml/g, 
0.20ml/g, 0.25ml/g, 0.40ml/g and 0.45ml/g against the total weight of lithium-cobalt composite oxide contained in the 
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casing of the battery and the negative electrode materials. 

[0116] With the foregoing construction, batteries with different announts of electrolyte are prepared in the same 
manner as the first preferred embodiment These cylindrical batteries are 18mm in diameter and 65mm in height. The 
batteries are charged with constant current of 1 00mA until their voltage becomes 4.1V, and then discharged at the con- 
5 slant current of 100mA until their voltage becomes 2.0V. This cycle is repeated in a temperature-controlled oven at 
20°C. The charge/discharge cycle is repeated 100 times, and ratio of the discharge capacity at the 1 00th cycle to that 
of the first cycle is shown in Table 5 as capacity retention rates. During charging/discharging cycles, liquid leakage was 
also observed. 

[0117] As It is clearly shown in Table 5, the batteries of which the amount of the electrolyte is 0.1 ml/g or more and 
10 0.4ml/g or less have superior charge/discharge cycle properties with a higher capacity than the batteries using graphite, 
and have 85% or higher capacity retention rates. On the contrary, when the amount of electrolyte is 0.1 ml/g or less or 
0.4ml/g or higher, desirable properties can not be obtained as the capacity retention rate fail to reach 85%. 
[0118] The predominant reason for this decrease in the capacity is that, in the case of the batteries of which the 
amount of the electrolyte is 0.05ml/g, the electrolyte fails to cover part of the negative electrode. In the part of the neg- 
75 ative electrode where the electrolytic solution sufficiently penetrates , excess lithium ions contribute to the electrode 
reaction and enhance the charging capacity of the negative electrode materials, thus making the negative electrode 
materials an undesirable structure in tenns of charge/discharge cycle properties. On the other hand, not less than half 
of the batteries of which the amount of the electrolyte is 0.45ml/g, have electrolyte leakage during the charge/discharge 
cycles. This is predominantly due to the excess electrolyte which overflows from in between the positive electrode and 
20 the negative electrode plates, raising the internal pressure of the batteries. 

The fourth preferred embodiment 

[0119] In this embodiment , batteries are prepared in the same manner as the first preferred embodiment using the 
25 materials shown in Table 1 for the negative electrode, and setting the porosity of the mixture layer of the negative elec- 
' trode at 5%. 10%, 20%, 30%, 40%, 50%, and 60%. The porosity is adjusted by controlling the level of the rolling by a 
pressure roll. The thickness of the electrodes is set to be the same. The porosity is measured before constructing the 
batteries. These cylindrical batteries are 18mm in diameter and 65mm in height. 

[0120] The batteries are charged with constant current of 100mA until their voltage becomes 4,1 V, and then dis- 
30 charged at the constant current of 1 00mA until their voltage becomes 2.0V. This cycle is repeated in a temperature-con- 
trolled chamber at 20*'C. The charge/discharge cycle is repeated 100 times, and ratio of the discharge capacity at the 
1 00th cycle to that of the first cycle is shown in Table 6 as the capacity retention rates. 

[0121] As it is clearly shown in Table 6, the batteries in which the porosity of the mixture layer is 1 0% or more, have 
a superior charge/discharge cycle properties with a higher retention rate of 85%. The batteries in which the porosity of 
35 the mixture layer is 50% or less, the discharge capacity after 1 00 cycles is 1500mAh or more. This value matches the * 
discharge capacity of a battery of the same size as this embodiment, in which carbon materials are used for the nega- 
tive electrode and the porosity is set at 35 %. Therefore, setting the porosity at 10% or more and 50% or less achieves 
batteries with higher capacity and superior charge/discharge cycle properties than batteries using carbon materials as 
the negative electrode materials. 

40 

The fifth preferred embodiment 

[0122] In this embodiment , batteries are prepared in the same manner as the battery No. 3 in the first preferred 
embodiment (thickness of the separator: 20jim), in which a trace of predetermined amount of impurity elements are 

45 mixed with the negative electrode materials to form the composite particles. The added elements, and their amount, the 
discharge capacity at the first cycle, the discharge capacity at the 1 00th cycle, and the discharge capacity retention rate 
are shown in Table 7. In Table 7, the content of the elements is the total amount of impurity elements naturally included 
in the negative electrode materials and added elements. As Table 7 shows, by adding elements such as iron, lead and 
bismuth to the composite particles by 0.0005wt% to 0.0020wt%, the discharge capacity retention rate increases by 1- 

50 4%. 

The sixth preferred embodiment 

[0123] In this embodiment, batteries are prepared in the same manner as the battery No. 3 in the first preferred 
55 embodiment (thickness of the separators: 20jim). In the negative electrode, a mixture of the composite particles and 
fluorinated carbon compounds defined as {Cyf) n (Is n <20) is used. The amount of the added cariDon compounds is 
set at 4% of the addition of the composite particles and the carbon compounds. For comparison, conventional batteries 
in which the same cariDon compounds are added to the graphite materials thereof are examined. The result is shown In 
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Table 8. Comparing Table 8 and Table 3, the batteries of this embodiment have a significantly higher discharge retention 
rate than those to which no carbon compounds are added. Compared with the batteries using graphite, the batteries of 
this embodiment have a remarkably higher discharge capacity at the first cycle. 

[0124] Rg. 3 is a schematic view showing a behavior of electric potentials of both positive electrode and negative 

5 electrode of the batteries of this embodiment at the first charging and the first discharging. In Fig. 3, (A - B) is the 
amount of initial charging of the positive electrode, (B - C) is the initial discharge capacity of the positive electrode, and 
(C - A) is the in-eversible capacity of the positive electrode. (A' - B') is the initial charging amount of the negative elec- 
trode, which is equal to the amount of (A - B) of the positive electrode. In the process of the initial charging of the neg- 
ative electrode, fluorinated carbon compounds added to the negative electrode are electrochemically reduced, and 

10 after the amount (A* - C) is charged, the negative electrode active materials which are the main components of the neg- 
ative electrode are charged with lithium ions. It is equal to the initial charge amount in the negative electrode active 
materials (B' - C). The discharge capacity of the negative electrode is (B' - D) which is equal to that of the positive elec- 
trode (B - C). The discharge capacities of the positive electrode and the negative electrode are reversible capacities of 
each electrode. (C - D) is an in-eversible capacity of the negative electrode active materials themselves. 

15 [0125] As understood from Fig.3 , for the amount of the fluorinated carbon compounds, the value of (A' - C). 
obtained by subtracting the irreversible capacity of the composite particles which are main materials of the negative 
electrode from the reversible capacity of the positive electrode (C - A), is applied. The fluorinated carbon compounds 
have large electrochemical equivalents per weight, therefore, the amount needed to be added Is very small, and even 
after being added to the negative electrode, the increase in volume is insignificant. 

20 [0126] As described so far, by adding fluorinated carbon compounds during charging especially during the first 
charging, to the negative electrode, reversible capacity of the positive electrode and the negative electrode is utilized to 
the maximum extent, thereby achieving a high capacity. At the same time, excessive charging of the negative electrode 
occurring during the charging and discharging from the second cycle onwards, Is effectively restricted, thereby prevent- 
ing the deterioration of the cycle life. 

25 

The seventh preferred embodiment 

[0127] In this embodiment, batteries are fornied in the same manner as the sixth preferred embodiment 
[0128] The positive electrode plate is manufactured in the steps described below. 

30 [0129] Nickel sulfate solution, cobalt sulfate solution, and sodium hydrate solution are used. The nickel sulfate solu- 
tion and the cobalt sulfate solution are lead into a vessel at a constant flow rate, stin-ed thoroughly, and then the sodium 
hydrate solution is added. Formed precipitate is washed with water and dried to obtain co-precipitated nickel-cobalt 
hydroxides. The composition formula of the co-precipltated nickel-cobalt hydroxides is.Nio.85Coo.i5(OH)2. The co-pre- 
cipitated nickel-cobalt hydroxides and lithium hydroxides are mixed, and in an oxidizing atmosphere, are heated for 10 

35 hours at 800°C to form LiNio.85Coo.15O2. 

[0130] To prepare the positive electrode plate 5, 1 0wt% cariDon powder and 5wt% polyvinylidene fluoride are mixed 
with 85wt% LiNiQ 85C00.15O2. The mixture is dispersed in dehydrated N-methyl pyrrolidlnone to form a slurry. The slurry 
Is coated on a negative electrode current collector comprising aluminum foil, dried and rolled under pressure to form 
the negative electrode plate 6. 

40 [0131] NiO is mixed into the negative electrode. The amount of the foregoing metallic compounds added is 
3.36wt% against the total amount of the composite particles and the foregoing metallic compounds. For comparison, a 
battery prepared by adding 3.10wt% of NiO to graphite conventionally used in batteries is examined. The result is 
shown in Table 9. Comparing Table 9 and Table 3, the batteries of this embodiment have a significantly higher discharge 
retention rate than the ones without NiO, resulting in increase in the cycle characteristics. Compared with the batteries 

45 using graphite, the batteries of this embodiment have a remarkably higher discharge capacity at the first cycle. 

[0132] The reason why the cycle properties improve in this embodiment Is the same as that of the sixth preferred 
embodiment. 

The eighth preferred embodiment 

[0133] In this embodiment, batteries are fonned In the same manner as the seventh preferred embodiment. Mate- 
rials C and J in Table 1 are used for the composite particles of the negative electrode materials. Besides the composite 
particles, metallic oxides, metallic sulfides, metallic selenides, and metallic tellurides are also used for the negative 
electrode. The amount of the foregoing metallic compounds to be added is shown in Table 10 in weight percentage 
55 against the total amount of the composite particles and the metallic compounds. The result is shown in Table 10. Com- 
paring Table 10 and Table 3, the batteries of this enibodlment have a significantly higher discharge retention rate and 
better cycle properties than those to which none of the metallic compounds mentioned above is added. 
[0134] As is the case with NiO added in the seventh preferred embodiment, other metallic oxides, metallic sulfides, 
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metallic selenides, and metallic tellurides achieve similar results. 

[0135] In this embodiment, LiNio.85Coo.15O2 is used as an positive electrode active material, however, other lithium 
containing metallic compounds, whose charge^discharge efficiency to intercalate and de-intercalate lithium ions defined 
as (intercalating amount / de-intercalating amount x 100 (%)) is within the range of 75%~95%. can achieve similar 
5 results since working principle of the batteries is the same. Especially when the positive electrode active materials are 
lithium containing nickel oxides defined as LixMii.yMyOz (M is at least one of Na. Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, AI, 
Cr. Pb, Sb and B, and x=0-1 .2, Y=0-0.9, z=2.0-2.3), the irreversible capacity is large, thus the effect of the present inven- 
tion is especially high. Even higher effect can be achieved when the above lithium containing nickel oxides are synthe- 
sized at a temperature range of TSO^C-SOO^C. 

10 

The ninth preferred embodiment 

[0136] In this embodiment, batteries are prepared in the same manner as the first preferred embodiment, and with 
different ratios of the positive electrode specific surface area to that of the negative electrode. Material B in Table 1 is 

75 used as a negative electrode material. The specific surface area of the material B changes under various manufacturing 
conditions besides the diameter of the particles , such as rotating velocity of the roll during roll-quenching, conditions 
of the heat treatment conducted in an inert atmosphere, and conditions of the grinding by the ball mill. Powder materials 
having various specific surface areas as a result of these different manufacturing conditions are used as samples. 
[0137] It has been known that the specific surface area of the lithium cobaltate used as the positive electrode mate- 

20 rials can be changed depending on different manufacturing methods. The cylindrical batteries prepared in this embod- 
iment are 1 8mm in diameter and 65mm in height. Fig. 4 shows changes in the cycle life and the deterioration in the 
capacity retention rate at high temperatures. 

[0138] The horizontal axis of Fig. 4 shows values of (the specific surface area of the negative electrode materials) 
/ (the specific surface area of the positive electrode materials) (hereinafter, ratio of the specific surface area) as a loga- 

25 rithm axis. The vertical line on the right side shows the cycle life, and on the left side, deterioration in the capacity reten- 
tion rate. During the test on the cycle life, batteries are charged with constant voltage of 4.1 V and constant current 1 A 
in maximum current limit, until the current becomes 100mA. The discharge is conducted by the constant current of 
500mA until the voltage reaches 2.0V. Quiescent period during switching between charging and discharging is set to be 
20 minutes. For the cycle life, the number of cycles repeated until the capacity decreases to 80% of the first discharge 

30 capacity are measured. The vertical line of Fig. 4 shows values of cycle life obtained when the cycle life of a battery, 
which is prepared for comparison in the same manner using graphite as a negative electrode material, is set at 100. 
The ratio of the specific surface area of the battery using graphite prepared for comparison is 8. The charging/discharg- 
ing cycles are repeated in a temperature-controlled oven at 20**C. The test on deterioration in the capacity retention rate 
is conducted on a charged battery which is kept in the temperature-controlled oven at 60°C for 20 days by measuring 

35 its capacity retention rate against its initial capacity. In this case as well, the ratio is shown when the deterioration rate 
in the capacity of the battery using graphite as a negative electrode material is 100. Looking at the cycle life, as Fig. 4 
shows, when the ratio of the specific surface area is 1.0 or less, it starts to decrease gradually and at 0.3 or less. It 
decreases rapidly. Therefore, the ratio is favorably 0.3 or more, and especially 1 .0 or more. When the ratio of the specific 
surface area is 0.3 or less , the influence of a smaller reaction area of the negative electrode compared with that of pos- 

40 itive electrode becomes clear with lithium depositing on the surface of the negative electrode material during a high- 
speed charging, thereby significantly reducing the cycle life of the batteries. 

[0139] Regarding the capacity retention rate, when the ratio of the specific surface area is 4 or more, it lowers grad- 
ually and at 12 or more, it lowers rapidly. Therefore, the ratio of the specific surface area is favorably 12 or less, espe- 
cially 4 or less. When it is 4 or more, the utilization rate of the positive electrode materials increases. As a result, the 
45 electric potential of the positive electrode when fully charged, rises promoting the generation of gas. Thus, when the 
battery is charged and left as it is, significant deterioration in the capacity results. Due to the foregoing reasons, the ratio 
of the specific area is favorably between 0.3 and 12, especially between 1 and 4. 

[0140] In the same manner, batteries are prepared using negative electrode materials other than the material B In 
Table 1 , and the cycle life and the deterioration in the capacity retention rate at high temperatures are measured. The 
so result is shown in Table 1 1 . With these materials, almost the same results are obtained, in the sections of cycle life and 
the deterioration in the capacity retention rate of Table 1 1 , favorable ranges of the ratios of the specific surface area are 
shown. Regarding the cycle life, favorable ranges are not less than the values in parenthesis. Conversely, favorable 
ranges for the capacity retention rate are not more than the values in the parentheses. - 

[0141] In this embodiment, the batteries are charged with constant voltage of 4.1 V and constant current 1 A in max- 
55 imum current limit, however, similar results are achieved with different charging voltage and current levels and with 
pulse charging. Considering this result, the favorable ratio of the specific surface area is between 0.3 and 12, and par- 
ticularly between 1 and 4, regardless of charging/discharging conditions. This preferred embodiment confirms that the 
batteries of the present invention are suitable for a high-speed charging. 
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The tenth preferred embodiment 

[0142] In this embodiment, batteries are prepared in the same manner as the ninth preferred embodiment. To 
measure impedance, a cylindrical battery in which an positive electrode or a negative electrode plate is used as an 
5 active electrode and lithium metal is used as the opposite electrode. In this case, a cylindrical battery like the one shown 
in Fig. 1 is prepared in such a manner that electrode plates and metallic lithium foil of which are rolled up via separators 
to fomi a cylindrical form. The battery Is 1 7mm in diameter and 50mm in height. 

[0143] Impedance is measured at a frequency range of 10kHz and lOMHz. Fig.5 shows one of the measured val- 
ues plotted on a complex plane. This is the result of a cylindrical battery in which graphite is used as a negative elec- 
10 trode material and lithium metal as an opposite electrode. In the case of this measuring, the battery is charged in 
advance so that lithium ions of 155mAH/g are intercalated into the graphite. 

[0144] As Fig. 5 shows, the diameter of the arc is defined as R; with R1 being a diameter of an arc plotted when the 
positive electrode plate is set as an active electrode, and R2, the negative electrode plate. Impedance is measured after 
charging the batteries such that both electrode plates are charged 50%. assuming their conditions when they are incor- 
75 p orated into a battery. 

[0145] Fig. 6 shows changes in the cycle life and the deterioration in the capacity retention rate at high tempera- 
tures of cylindrical batteries using a variety of different positive electrodes and negative electrodes. The horizontal axis 
of Fig. 6 shows values of the logarithm of R2 / R1 . The vertical axis on the right side shows cycle life, and on the left 
deterioration in the capacity retention rate. During the test on the cycle life, batteries are charged with constant vottage 

20 of 4.1V and constant current 1 A in maximum current limit, until the cun-ent becomes 100mA. The discharge is con- 
ducted at a constant cun-ent of 500mA until the voltage reaches 2.0V. The quiescent period during switching between 
charging and discharging Is set at 20 minutes. Regarding the cycle life, the number of cycles repeated until the capacity 
decreases to 80% of the first discharge capacity are measured. The vertical line of Rg. 6 shows the ratio of cycle life 
against the cycle life, being set at 1 00, of a battery prepared for comparison in the same manner using graphite as a 

25 negative electrode material. The value of R2 / R1 of the battery which is prepared for comparison using graphite as a 
negative electrode material is 0.5. The charging/discharging cycles are repeated in a temperature-controlled oven at 
20°C. The test on deterioration in the capacity retention rate is conducted on a charged battery which is kept in the tem- 
perature-controlled oven at 60**C for 20 days by measuring its capacity retention rate against its initial capacity. In this 
case as well, the ratio is shown when the deterioration rate in the capacity of the battery using graphite as a negative 

30 electrode material is .1 00. 

[0146] Regarding the cycle life, as Fig. 6 shows, when the value of R2 / R1 is 2 or more, it starts to decrease grad- 
ually and at 15 or more, it decreases rapidly. Therefore, the value is favorably 15 or less, particulariy 2 or less. Regard- 
ing the capacity retention rate, when the value of R2 /.R1 is 0.5 or less, it lowers gradually and at 0.01 or less, it lowers 
rapidly Therefore, the value of R2 / R1 is favorably 0.01 or larger, and particularly 0.05 or larger. Due to the foregoing 
-':.35 reasons, the value of R2 / R1 is favorably between 0.01 and 15, especially between 0.05 and 2. 

[0147] In the same manner, batteries are prepared using negative electrode materials other than the material B in 
Table 1, and the cycle life and the deterioration in the capacity retention rate at high temperatures are measured. The 
result is shown in Table 10. With these materials, almost the same results as those of the material B are obtained. In 
the sections concerning cycle life and the deterioration In the capacity retention rate in Table 1 0, favorable ranges of R2 

40 I R1 are shown. Values in parentheses indicate more favorable ranges. Regarding the cycle life, favorable ranges are 
not more than the values In the parenthesis. Conversely, favorable ranges for the capacity retention rate are not less 
than the values in the parentheses. 

[0148] In this embodiment, the batteries are charged with constant voltage of 4.1 V and constant current 1 A in max- 
imum current limit, however, similar result are achieved with different charging voltage and current levels and with pulse 
45 charging. Considering this result, the favorable value of R2 / R1 is between 0.01 and 15, and particularly between 0.05 
and 2 regardless of charging/discharging conditions. 

Industrial Applicability 

so [0149] As thus far described, according to the present invention, non-aqueous electrolyte secondary batteries 
which are capable of being charged at a high speed and have higher capacity and superior cycle properties to conven- 
tional batteries using carbon materials as negative electrode materials thereof can be achieved. The industrial effect of 
this is remarkable. 

55 
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Table 3 
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Battery 


No. 


Separator Piercing 
Strength 


Initial Discharge 
Capacity (mAh) 
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Capacity (mAh) 


capacity retention rate 
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Battery 
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Electrolyte 
Amount 
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Table 6 
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4 




0.1000 


0.1000 


19 5 1 


18 3 3 


9 4. 


0 




5 




1.0000 


1.0000 


19 5 1 


18 3 0 


9 3. 


8 




1 


Pb 


0 


0.0000 


19 0 7 


16 9 7 


8 9 . 


0 


S 


2 


0.0005 


0.0005 


19 0 8 


17 17 


9 0. 


0 




3 




0.0100 


0.0100 


19 0 7 


17 2 8 


9 0. 


6 




4 




0.1000 


0.1000 


19 0 7 


17 4 7 


9 1. 


.6 




5 




1.0000 


1.0000 


19 0 8 


17 4 0 


9 1. 


2 



40 



45 



SO 



55 
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Table 8 





Negative Electrode 
material 


Initial Discharge Capac* 
ity (mAh) 


Capacity retention rate 
(%) 


Exemplary Embodiment 


1 


Material A 


2074 


96 




2 


B 


2065 


98 




3 


c 


2043 


97 




4 


D 


2056 


98 




5 


E 


2075 


97 




6 


F 


2064 


96 




7 


G 


2073 


98 




8 


M 


2152 


97 




9 




2146 


98 




10 


J 


2174 


96 




11 


K 


2165 


98 




12 


L 


2184 


97 




13 


M 


2182 


95 




14 


N 


2136 


97 




15 


O 


2147 


98 




16 


P 


2101 


96 




17 


Q 


2110 


97 




18 


R 


2149 


97 




19 


S 


2107 


98 


Comparative Example 




Graphite 


1710 


93 



35 



40 

) 



45 



SO 



55 
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Table 9 



30 







Negative Electrode 
material 


Initial Discharge Capac- 
rcy (m/An) 


Capacity retention rate 

(/o) 


Exemplary Embodiment 


1 


Material a 




y / 






D 
D 




OA 




3 


c 


2047 


QC 

9o 




4 


U 




y / 




o 


b 




QQ 




6 


F 


2061 


98 




7 


G 


2071 


97 




8 


H 


2156 


97 




9 


1 


2140 


96 




10 


J 


2174 


98 




1 1 


K 


2169 


97 




1 2 


L 


21 89 


yb 




13 


M 


2181 


97 




14 


N 


2139 


98 




1 o 


r\ 
\J 








16 


P 


2101 


96 




17 


Q 


2110 


97 




18 


R 


2149 


97 




19 


S ' 


2107 


96 


Comparative Example 




Graphite 


1710 


93 



35 



40 



45 



50 
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Table 10 









Material C 


Material J 




Elements 


Conten 
t 


Initial 
Dischaige 
Capacity 

OnAb) 


Capacity 
reteiition 


Initial 
Dischaige 
Capacity 

(mAh; 


Capacity 
retention 

lolC \70) 




1 


A CT 9 O 


Q OR 


2 17 5 


9 6 


2 17 0 


9 7 




2 


i U W 


O* t □ 


2 15 6 


9 7 


2 15 6 


9 7 




3 


IN I V_/ 


R R^ 


2 16 5 


9 8 


2 16 8 


9 5 


Oxi 


4 


IN 1 ^ W O 


^ 1 1 
1 I 


2 16 4 


9 5 


2 16 6 


9 6 


des 


5 




R 


2 17 3 


9 7 


2 17 4 


9 8 




6 




i\J, 01 


2 18 2 


r\ (-% 

9 8 


2 18 8 


9 5 




7 






2 15 6 


9 7 


2 16 5 


9 5 




8 






2 15 7 


9 8 


2 16 8 


y o 




9 




1R R7 


2 18 8 


9 6 


2 18 7 


9 7 




10 




11 M 


2 17 5 


9 5 


2 17 7 


9 5 




11 


O O ^ O 


R t ? 


2 17 3 


9 7 


2 17 6 


9 7 




12 


r 9 O ^ 


R Q<i 


2 16 2 


9 8 


2 16 9 


9 8 




13 






2 17 2 


9 7 


2 17 1 


9 7 




14 


r e o u ^ 




2 17 6 


9 6 


2 17 5 


9 6 




1 


A cr 9 ^ 


Q 71 


2 16 4 


9 5 


2 16 5 


9 7 




2 


'P "K 


Q ^ft 
9- Oo 


2 17 3 


9 6 


2 17 4 


9 o 




3 


IN 1 O 


^ i%R 


2 18 2 


9 6 


2 18 0 


9 8 




4 


KT 1 9 ^ 
IN 1 ^ O 




2 17 6 


9 7 


2 17 4 


9 5 


Sul 


5 


IN 1 o O ft 




2 17 7 


9 8 


2 17 2 


9 O 


fid 


6 




^ ^7 


2 17 7 


9 6 


2 17 3 


9 6 


es 


7 


L.^ U ^ O O 


9 R 


2 17 6 


9 5 


2 17 5 


ft ^ 
9 7 




8 


O o v.-' rr 


J9 


2 17 5 


9 7 


2 17 7 


ft Q 

9 o 




9 


U O 


^ 7^ 


2 17 7 


9 6 


2 17 2 


ft a 
9 O 




10 


P 11 9 Q 




2 17 5 


9 8 


2 17 4 


ft T 

9 7 




11 


o ; 9 c o 


R 79 


2 17 9 


9 7 


2 17 6 


ft A 

9 D 




12 


Q K 9 ^ Q 
O D ^ O O 


A Al 


9 17 9 




2 17 7 


9 7 




13 


S b 2 S 4 


3. 64 


2 17 4 


9 7 


2 17 4 


9 7 




14 


S b 2 S 5 


3. 17 


2 18 6 


9 8 


2 18 1 


9 7 




15 


C r S 


3.30 


2 16 7 


9 6 


2 16 9 


9 7 




16 


C r 2 S 3 


2.62 


2 17 8 


9 7 


2 17 7 


9 8 




17 


MnS 


3.41 


2 16 6 


9 6 


2 16 9 


9 7 




18 


Mn 3 S 4 


2.87 


2 18 5 


9 7 


2 18 0 


9 6 




19 


Mn S 2 


2.33 


2 17 4 


9 8 


2 17 7 


9 7 




20 


F e S 


3-45 


2 17 3 


9 6 


2 17 5 


9 7 
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21 


F e 2 S 3 


2. 72 


2 17 2 


9 7 


2 17 9 


9 6 




22 


F e S 2 


2. 35 


2 18 2 


9 8 


2 18 0 


9 6 




23 


M o 2 S 3 


3. 76 


2 18 1 


9 5 


2 18 2 


9 8 




24 


Mo S 2 


3. 14 


2 17 5 


9 6 


2 17 5 


9 8 




1 


Ag 2 S e 


11.55 


2 17 7 


9 7 


2 17 6 


9 6 




2 


P b S e 


11. 22 


2 17 6 


9 8 


2 17 4 


9 8 


Sei 


3 


C o 2 SeS 


4. 64 


2 16 5 


9 7 


2 17 5 


9 7 


eni 


4 


C o 3 Se4 


4. 83 


2 17 6 


9 7 


2 17 4 


9 6 


des 


5 


C u S e 


5. 59 


2 17 3 


9 7 


2 17 9 


9 6 




6 


C u 2 S e 


8. OS 


2 18 2 


9 6 


2 18 0 


9 5 




7 


B i 2 SeS 


8.56 


2 17 6 


9 5 


2 17 5 


9 7 




8 


S b 2 SeS 


6.28 


2 16 6 


9 8 


2 16 7 


9 8 




9 


S b 2 SeS 


5.00 


2 16 7 


9 6 


2 16 9 


9 8 




10 


C r 2 SeS 


4.45 


2 18 8 


9 5 


2 18 0 


9 6 




1 


Ag 2Te 


13.46 


2 17 7 


9 6 


2 17 4 


9 7 


Ter 


2 


P bT e 


13. 12 


2 17 6 


9 6 


2 17 0 


9 7 


uli 


3 


N i T e 


7. 30 


2 18 5 


9 8 


2 18 0 


9 8 


des 


4 


N 1 2 Te 3 


6. 54 


2 17 3 


9 6 


2 17 4 


9 7 




5 


CuTe 


7.49 


2 17 2 


9 8 


2 17 5 


9 7 




6 


Cu 2Te 


9.98 


2 17 6 


9 7 


2 17 9 


9 8 




7 


B i 2Te3 


10.46 


2 17 8 


9 6 


2 17 0 


9 7 




8 


S b 2 TeS 


8. 80 


2 17 5 


9 7 


2 17 1 


9 6 



Table 1 1 



Negative Electrode 
material 


favorable ranges 




From "cycle life" 


From "Capacity retention 
rate" 


Material A 


not less than 0.4 (2.0) 


not more than 12 (4) 


B 


not less than 0.3 (1.0) 


not more than 1 2 (4) 


C 


not less than 0.4 (2.0) 


not more than 1 1 (4) 


D 


not less than 0.4 (2.0) 


not more than 1 1 (4) 


E 


not less than 0.3 (1.0) 


not more than 1 2 (4) 


F 


not less than 0.3 (1.0) 


not more than 1 2 (4) 


G 


not less than 0.3 (1.0) 


not more than 1 2 (4) 


H 


not less than 0.4 (1 .0) 


not more than 1 1 (4) 


1 


not less than 0.4 (1 .0) 


not more than 12 (4) 


J 


not less than 0.3 (1.0) 


not more than 12 (4) 



39 



BNSDCXIO: <EP. 



.1052712A1J_> 



EP 1 052 712 A1 

Table 1 1 (continued) 



Negative Electrode 

1 Tlcllci lai 


favorable ranges 




From "cycle life" 


From "Capacity retention 
rate" 


K 


not less than 0.4 (2.0) 


not more than 1 1 (5) 


L 


not less than 0.4 (2.0) 


not more than 12 (4) 


M 


not less than 0.3 (1 .0) 


not more than 12 (4) 


N 


not less than 0.3 (2.0) 


not more than 12 (4) 


O 


not less than 0.5 (2.0) 


not more than 1 1 (4) 


P 


not less than 0.5 (2.0) 


not more than 12 (4) 


Q 


not less than 0.5 (2.0) 


not more than 1 1 (3) 


R 


not less than 0.5 (2.0) 


not more than 1 1 (4) 


S 


not less than 0.5 (2.0) 


not more than 1 1 (4) 



20 



Table 12 



Negative Electrode 
material 


favorable R2/R1 ranges 




From "cycle life" 


From "Capacity retention 
rate" 


Material A 


not less than 0.01 (0.05) 


not more than 15 (1) 


B 


not less than 0.01 (0.05) 


not more than 15 (2) 


C 


not less than 0.01 (0.05) 


not more than 14 (3) 


D 


not less than 0.03 (0.08) 


not more than 13 (1) 


E 


not less than 0.02 (0.07) 


not more than 14 (2) 


F 


not less than 0.02 (0.05) 


not more than 15 (1) 


G 


not less than 0.01 (0.07) 


not more than 15 (2) 


H 


not less than 0.01 (0.05) 


not more than 15 (1) 


1 


not less than 0.01 (0.05) 


not more than 15 (2) 


J 


not less than 0.01 (0.05) 


not more than 15 (2) 


K 


not less than 0.03 (0.08) 


not more than 13 (1) 


L 


not less than 0.02 (0.08) 


not more than 14 (2) 


M 


not less than 0.02 (0.08) 


not more than 15 (2) 


N 


not less than 0.03 (0.08) 


not more than 13 (1) 


O 


not less than 0.03 (0.09) 


not more than 13 (1) 


P 


not less than 0.02 (0.09) 


not more than 12 (1) 


Q 


not less than 0.02 (0.09) 


not more than 13 (1) 


R 


not less than 0.02 (0.09) 


not more than 13 (1) 


S 


not less than 0.02 (0.08) 


not more than 12 (1) 
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Reference numerals 
[0150] 

5 1 Battery casing 

2 sealing plate 

3 Insulating gasket 

4 electrode plate group 

5 positive electrode plate 
10 5a positive electrode lead 

6 negative electrode plate 
6a negative electrode lead 

7 separator 

8 Insulating rings 

75 

Claims 

1 . A non-aqueous electrolyte secondary battery comprising; 

20 a) an positive electrode and a negative electrode capable of intercalating and de- intercalating lithium; 

b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
25 face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 

with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
3o porosity of a mixture layer of said negative electrode is not less than 10% and not more than 50%. 

2. A non-aqueous electrolyte secondary battery comprising; 

' a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 
35 r>» b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
40 with one of a solid solution and an inter-metallic compound composed of an element included in said 

nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 

and in which amount of said non-aqueous electrolyte is not less than 0.1ml and not more than 0.4ml per 
45 1 g of total amount of materials composing said positive electrode and said negative electrode. 

3. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 
so b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
55 with one of a solid solution and an inter-metallic compound composed of an element included in said 

nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 
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and a value of; 

a specific surface area of materials forming said negative electrode / a specific surface area of materials 

forming said positive electrode 

is not less than 0.3 and not more than 12. 

4. A non-aqueous electrolyte secondary battery comprising; 



a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte; and 

70 c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
15 nuclear particle and at least one element selected from a group of elements exclusive of the element 

included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 

and when R1 is a diameter of a semi-circle arc plotted on a complex plane by measuring impedance at a 
range of frequencies between 10kHz and 10MHz using an electrochemical cell in which said positive elec- 
20 trode is set as an active electrode and lithium metal is used as an opposite electrode; and R2 is a diameter 

of a semi-circle arc plotted on a complex plane by measuring impedance at a range of frequencies 
between lOkhlz and lOMHz using an electrochemical cell in which said negative electrode is set as an 
active electrode and lithium metal is used as an opposite electrode, a value of R2 / R1 is between 0.01 ~1 5. 

25 5. A non-aqueous electrolyte secondary battery comprising; 



a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 

30 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
35 included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 

group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
wherein thickness of said separator is not less than 1 5\im and not more than 40p.m, and piercing strength 
of said separator is not less than 200g. 



40 6. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 

4S' 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
50 included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 

group 13 elements and group 14 elements in a periodic Table exclusive of carbon, and 
said composite particle contains at least one of elements selected from iron of not less than 0.002wt%, 
lead of not less than 0.0005wt% and bismuth of not less than 0.002wt%. 

55 7. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 
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c) one of a separator and a sofid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements,' 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
wherein said negative electrode contains a fluorinated carbon compound defined as (CxF) n (1sx<20). 

The non-aqueous electrolyte secondary battery of claim 7, wherein said fluorinated carbon compound is one of; 

a) not less than one of fluorinated independent carbon materials, and 

b) a mixture of fluorinated carbon materials, 

which are selected from thermal black, acetylene black, furnace black, vapor phase grown carbon fibers, 
thermally decomposed carbons, natural graphite, synthetic graphite, meso-phase carbon micro beads, 
petroleum cokes, coal cokes, petroleum derived carbon fibers, coal derived carbon fibers, charcoal, acti- 
vated carbon, glassy carbon, rayon derived carbon fibers, and PAN derived carbon fibers. 

The non-aqueous electrolyte secondary battery of claim 7, wherein amount of said fluorinated carbon compound 
to be added to said negative electrode corresponds to difference in irreversible capacity between said positive elec- 
trode and said negative electrode , which does not contribute to an initial discharging. 

25 10. The non-aqueous electrolyte secondary battery of claim 7, wherein content of said fluorinated carbon compound 
is in a range of 0.2% • 20% against a sum of said fluorinated carbon compound and said composite particle. 

11. The non-aqueous electrolyte secondary battery of claim 7, wherein a compound to be used for said positive elec- 
trode is a lithium containing metallic compound defined by a general fonnula of LixNi^.yMyO^ (M is at least one of 

30 Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al. Cr, Pb, Sb and B, and x=0-1 .2,y=0~0.9, 2=2.0-2.3). 

12. The non-aqueous electrolyte secondary battery of claim 1 1 , wherein an efficiency rate of initial charging/discharg- 
ing in which said lithium-containing metallic compound de-intercalates lithium ions during initial charging and inter- 
calates lithium ions during initial discharging, is within a range of 75-95%. 

35 .T ■ . 

13. The non-aqueous electrolyte secondary battery of claim 11, wherein said lithium-containing metallic oxide is syn- 
thesized such that a metallic hydroxide is mixed with a lithium hydroxide and heated. 

14. A non-aqueous electrolyte secondary battery comprising; 

40 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear parttele. comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements In a Periodic Table exclusive of carbon, 
wherein said negative electrode contains a metallic compound which is electrochemically reduced to the 
metal when said negative electrode is charged. 

15. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic compound is at least one of 
55 metallic oxides , metallic sulfides, metallic selenides, and metallic tellurides. 

16. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic oxide Is at least one of Ag20i 
PbO. NiO. Ni203, CoO, C02O3, C03O4, CuO, CU2O, 81203, Sb203, Cr203, Mn02 and FeO)4. 
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17. The non-aqueous electrolyte secondary battery of clainn 14, wherein said metallic sulfide is at least one of Ag2S , 
PbS, NiS, NigS, Ni3S4, CoS, C02S3, C03S4, CuS, CU2S, 61283, SbgSg, Sb2S4, SbaSS. CrS, Cr2S3, MnS. Mn3S4, 
MnS2 and FeS, Fe2S3, FeS2. Mo2S3.and M0S2. 

5 18. The non-aqueous electrolyte secondary battery of clainn 14, wherein said nnetallic selenide is at least one selected 
fronn a group comprising Ag2Se, PbSe, 002863. 003864. Cu86, Cu28e, 812863. Sb2Se3, 8b255. and Cr28e3. 

19. The non-aqueous electrolyte secondary battery of claim 14. wherein said metallic telluride is at least one of Ag2Te. 
PbTe. NiTe, Ni2Te3, OuTe. Ou2Te, Bi2Te3 and Sb2Te3. 

10 

20. The non-aqueous electrolyte secondary battery of claim 14, wherein amount of said metallic compound to be 
added corresponds to difference in irreversible capacity between said positive electrode and said negative elec- 
trode, which does not contribute to an initial discharging. 

75 21. The non-aqueous electrolyte secondary battery of claim 14, wherein content of said metallic compound is in a 
range of 0.2% - 20% against a sum of said metallic compound and said composite particle. 

22. The non-aqueous electrolyte secondary battery of claim 14. wherein a compound to be used for said positive elec- 
trode is a lithium containing metallic compound defined by a general formula of LixNii.yMyOz, (M is at least one of 

20 Na , Mg, Sc. Y, Mn. Fe, Co, Ni, Cu. Zn. Al, Cr, Pb. Sb and B, and x=0-1 , Y=0-0.9, 2=2.0-2.3). 

23. The non-aqueous electrolyte secondary battery of claim 1 1 , wherein an efficiency rate of initial charging/discharg- 
ing in which said lithium-containing metallic compound de-intercalates lithium ions during initial charging and inter- 
calates lithium ions during initial discharging, is within a range of 75 - 95%. 

25 

24. The non-aqueous electrolyte secondary battery of claim 1 1 , wherein said lithium-containing metallic oxide is syn- 
thesized such that a metallic hydroxide is mixed with a lithium hydroxide and heated. 
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FIG. 1 
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FIG. 2 



Chcupe 



Discharge 




Initial Charge 



Capacity (mAh) 

FIG. 3 




Capacity (mAh) 
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